Abstract: It is envisaged that the effect of increasingly stricter air emissions legislation implemented through IMO Annex VI and other local air quality controls, together with favorable financial conditions for the use of natural gas instead of liquid fuel oil as a bunker fuel, will see an increasing number of DF engine and single gas fuel engine applications to LNG carriers and other vessel types. As part of provision for the current international movements in the shipping industry to reduce GHG emission in air, new design concepts using natural gas as an alternative fuel source for propulsion of large commercial vessels, have been developed by shipyards and research institutes. In this study, an explosion analysis for a gas supply machinery room of LNG-fuelled container ship is presented. The gas fuel concept is employed for the high pressure ME-GI where a leakage in the natural gas double supply pipe to the engines is the subject of the present analysis. The consequences of a leak are simulated with computational fluid dynamics (CFD) tools to predict typical leak scenarios, gas cloud sizes and possible explosion pressures. In addition, capacity of the structure which is subject to explosion loads has been assessed.
Introduction
In recent year, with the steep rise in oil prices, the shipping industry is increasingly looking for alternative fuel sources to operate its ships. LNG happens to be the most practical bunker fuel in that sense. Moreover, LNG has significant advantages in regard to environmental aspects comparing with conventional fuel oil. That is, it estimated that NOx and SOx emission can be reduced to about 90% and 100%, respectively, in case of using LNG for ship bunker. So, LNG-fuelled ship has been considered to be the best option both from an environmental and an economic point of view [1] .
In order to identify all the possible hazards in the novel systems and then enhance the safety of system, a high-level Hazard Identification (HAZID) studies DSME (2010) [2] were carried out by multi-disciplinary HAZID teams. As the results of HAZID, gas leaks and explosion in a machinery room or gas tank room identified as the main hazards in the design which deserved further analysis.
As the analysis was conducted, it turned out many novel problems associated with the design where in the fuel gas supply system or gas tank room, and had to do with gas leakage in various conditions. Table 1 shows the HAZID analysis resulted in findings of 50 potential hazards. As Table 1 suggests, the risk level is highest for the fuel gas supply system, thus implies a significant value in conducting a specific study on this. Among the system components, when a leak occurs in a pipe line with the inner pressure of 300 barg or over, the risk is expected to be the highest. Above the table specifically focused on the analysis of gas dispersion conditions and near-field blast waves in order to understand the risk posed by different gas leaks and venting system, and identify the most significant contributors to risk, to propose risk reducing recommendations that will develop IGF In this study, the leak and explosion analysis were carried out to verify the safety in levels (SIL) of 10,000 TEU LNG-fuelled container vessel in case when leakage occurs in a pipe with the inner pressure of 300 barg. We specify use of CFD toolsFlownex 2014 and FLACS ver.10 -in its probabilistic approach to gas leak and explosion to evaluate consequences of an LNG vapor cloud explosion at the fuel gas supplying in the machinery space. The FLACS tool especially used by authors is a CDF code solving Navier-Stokes equations on a 3D Cartesian grid using a finite volume method. The gas clouds were set up 5.353 kg for scenario 1 and 41.0 kg for scenario 2, respectively, according to the results of the gas leak analysis at the FGS room.
Gas leak
Small releases from gas lines and valves during supplying Table 2 . The FGS room is located on the main deck near the aft of the vessel and the schematic diagram is 
Gas Explosion
If LNG fuel leaks or spills, it may easily vaporize and create a gas/air mixture within the flammable range which is approximately between 5 and 15 vol%. The use of CFD explosion models for near and far field blast wave predictions has many advantages. These include more precise estimates of the energy and resulting pressure of the blast wave, as well as the ability to evaluate non-symmetrical effects caused by realistic geometries, gas cloud variations and ignition locations.
Mathematical Equation of Gas Explosion Wave
Premixed gases, short for the mixture of methane and air could be referred to as the fuel gas. If the explosive premixed and the high temperature source of ignition coinstantaneous exist, then the gas will be lit by the source of ignition and form first flame, at the condition of atmospheric pressure, the thickness of the flame is very thin, only 0.1 ~ 0.01 mm, it is a burning belt and spread in the premixed gas 
Explosion Analysis
With the leak scenarios, two explosion scenarios have been simulated for the fuel gas supply system room for different gas cloud sized, but gas cloud locations and ignition locations were set to the same points. 
Conclusions
Realistic gas leakage and explosion scenarios are defined assuming a smaller hole in the inner fuel pipe. Actions from the closure of the ESD valves, the ventilation system after gas detection is included in the analysis.
The main conclusions from the leak/explosion analysis are described as follow:
-The maximum explosion pressures obtained are 0.27 barg and 3.7 barg, respectively. These occur with a cloud size of 5.353kg and 41 kg from gas leak analysis.
-For a low probability pressure of 3.7 barg, this occurs a cloud size of 41 kg, applying 8 seconds ESD closure time. The probability of this is small because it may only occur during failure or delay the ESD system.
-For small leak of 5.353 kg (Scenario 1) the explosion pressure will not cause failure of the structure.
-Critical pressures on humans (above 0.1 barg) can be obtained both small and large leakage. 
